The Ankylosing Spondylitis Disease Activity Score (ASDAS) is an accepted measure of AS disease activity that mainly relies on clinical and laboratory examination indicators. Recently, imaging modalities have been widely used in the diagnosis and assessment of inflammatory activity in AS patients. 7, 8 Traditional X-ray and computed tomography (CT) can only detect chronic structural changes caused by inflammation using exposure to radiation. Ultrasonography shows only a superficial part of the sacroiliac joints, especially the surrounding soft tissues. 9 Magnetic resonance (MR) imaging as a noninvasive, radiation-free, and sensitive modality can detect active inflammatory processes (such as bone marrow edema) and chronic structural damage (such as ankylosis, fat disposition), 10 and has become a routine examination in evaluating AS. However, conventional MRI is limited in providing sufficient information on microstructure or in quantitatively evaluating the inflammation process. 11, 12 Hence, functional MR sequences such as diffusion-weighted imaging (DWI), intravoxel incoherent motion (IVIM), and contrastenhanced (DCE) MR imaging have been used to evaluate sacroiliac joint injury of AS. 11, [13] [14] [15] The apparent diffusion coefficient (ADC) offered by DWI can provide both qualitative and quantitative information about the motion of water molecules in vivo. 12 Some studies have shown that ADC values can quantitatively assess the therapeutic effect in AS patients and draw a more accurate range of inflammation. 16, 17 The calculation of ADC is based on the hypothesis of Gaussian distribution, while the water molecular movement in vivo often deviates from the Gaussian law due to the complexity of biologic tissues. 18 Diffusion kurtosis imaging (DKI), an advanced DWI model proposed by Jensen et al, 19 provides additional parameters, the kurtosis of diffusion (K value), representing the deviation degree from the ideal Gaussian curve and reflecting the homogeneity and irregularity of microstructures, and the corrected ADC value (D value), which quantifies the non-Gaussian behavior of water molecular diffusion and could better characterize the complex microstructures of the tissue. 19 Previous studies have demonstrated that DKI is superior to the monoexponential model in the diagnosis and classification of prostate cancer and hepatocellular carcinoma, 20, 21 and DKI has been recently applied in the evaluation of autoimmune inflammation diseases (Crohn's disease). 22 However, no application of a DKI sequence to evaluate sacroiliac joint injury in AS patients has yet been reported. Therefore, the main purpose of this study was to evaluate the feasibility of DKI in evaluating and grading disease activity by measuring DKI-related parameters of sacroiliac joint in AS patients using ASDAS as a reference standard.
Materials and Methods

Patients
This study was approved by the Ethics Committee of the Nanjing Drum Tower Hospital, and written informed consent was obtained from each patient. From January 2017 to September 2017, 66 patients suspected of having AS according to the criteria for ankylosing spondylosis received laboratory tests, including measurement of the erythrocyte sedimentation rate (ESR), C-reactive protein (CRP) level, and human leukocyte antigen-B27 (HLA-B27), and prospective MR examination. 23 According to the Assessment in SpondyloArthritis International Society (ASAS), 24 46 patients were eventually diagnosed with AS. Two of these patients were excluded due to body weight >90 kg (n 5 1) and poor MR image quality (n 5 1). Finally, 44 AS patients were included in the study (33 males and 11 females; mean age, 28.8 6 9.5 years, range, 15-52 years) (Table  T1  1 ). AS disease activity was evaluated according to the ASDAS based on CRP or ESR calculation, which included the assessment of back pain, duration of morning stiffness, and at least one acute phase reactant (ESR, CRP). Two common methods are used to calculate ASDAS: ASDAS-CRP and ESDAS-ESR. In our study, ASDAS-CRP was adopted due to its higher sensitivity compared to ASDAS-ESR. 5 Among the 44 patients, 9 showed no disease activity (ASDAS-CRP <1.3), 8 showed mild activity (1.3 ASDAS-CRP <2.1), 16 showed high activity (2.1 ASDAS-CRP <3.5), and 11 showed very high activity (ASDAS-CRP >3.5). Hence, 9 patients with ASDAS-CRP <1.3 were classified as the inactive group (8 males and 1 female; mean age, 30.7 6 6.7 years; age range, 23-46 years), and 35 patients with ASDAS-CRP 1.3 were classified as the active group (25 males and 10 females; mean age, 28.3 6 10.1 years; age range, 15-52 years).
MR Examination
All patients underwent scanning using a 3.0T MR scanner (Ingenia 3.0T; Philips Medical Systems, Best, The Netherlands) with a 32 channels dStream Torso coil. The amplitude gradient and slew rate of the MR scanner were 45 mT/m and 200 mT/m/s, respectively. The scan range covered the bilateral sacroiliac joints. The MR scan sequences included a transverse T 1 -weighted turbo spin echo sequence, a transverse T 2 -weighted turbo spin echo sequence, transverse and oblique coronal turbo spin echo proton density-weighted spectral-attenuated inversion recovery (TSE PDW-SPAIR) sequences and a transverse single-shot echo-planar DKI sequence (Table  T2 2). Five b values (0, 500, 1000, 1500, and 2000 s/mm 2 ) were used in DKI, as described in a previous study. 25 The DKI sequence detected the direction of the motion gradient through three orthogonal directions and achieved fat suppression by spectral adiabatic inversion recovery. The DKI sequence took 3 minutes 36 seconds and the entire MR scanning lasted 11 minutes 45 seconds. All the patients successfully completed the MR examination without any discomfort.
Image Analysis
All MR images were independently analyzed by two radiologists (J.H. and Z.Y.Z., with 7 and 15 years of experience in musculoskeletal imaging, respectively), who were blinded to the clinical information. As shown in Table 1 , 36 patients showed acute subchondral bone edema (n 5 29 in the active group and n 5 7 in the inactive group), 14 patients showed erosions (n 5 10 in the active group, n 5 4 in the inactive group), 13 patients showed sclerosis (n 5 8 in the active group, n 5 5 in the inactive group), and 17 patients showed fat deposition within sacroiliac joints (n 5 24 in the active group, n 5 5 in the inactive group). The DKI sequence data were loaded into the IDL 6. 
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2 3k/6), where b represents the b value (s/mm 2 ), D represents the corrected ADC value used to calculate the dispersion coefficient of non-Gaussian distribution, and k represents the diffusion kurtosis value, reflecting the kurtosis that deviates from the ideal Gaussian curve. The program calculated the ADC value (310 -3 mm 2 /s) for each voxel by fitting the standard single exponential fit equation: S 5 S0 3 exp (-b3ADC). In the active group, a region of interest (ROI) was drawn to cover each lesion at the largest slice of DKI images with a reference to routine MR sequences (T 1 WI-TSE, T 2 WI-TSE, TSE PDW-SPAIR). In the inactive group, four ROIs were manually placed on each side of the bilateral sacroiliac joints. The mean ROI area was 70.4 mm (range, 26.3-154.5 mm 2 ). The ROIs were copied to the same areas of the ADC, K, and D maps to obtain the ADC, K, and D values, and the mean value of all ROIs were calculated. The average value of two radiologists was calculated for each patient. Three months later, one radiologist repeated the measurements for intraobserver agreement analysis. 
T1W-TSE, T1-weighted turbo spin-echo; T2W-TSE, T2-weighted turbo spin-echo; PDW-SPAIR, proton density-weighted spectral attenuated inversion recovery; DKI, diffusion kurtosis imaging.
Statistical Analysis
The Kolmogorov-Smirnov test was used to analyze the normal distribution of D, K, and ADC values, and the quantitative data in the normal distribution were presented as the means 6 standard deviation. Two independent-samples t-tests was used to compare DKI parameters between the inactive and active groups. Levene's test was used for variance homogeneity analysis, and one-way analysis of variance (ANOVA) was used to compare DKI parameters among different disease activities, and post-hoc Scheffe's method was adopted. Receiver operating characteristic (ROC) analysis was performed to test the diagnostic performance of the DKI parameters in distinguishing different activity grades. The cutoff was calculated by calculating the maximum Youden index (Youden index 5 sensitivity 1 specificity -1). Spearman's rank correlation was used to assess the correlation between DKI parameters and disease activity. The Intra-and interobserver agreements in the measurement of DKI parameters was estimated using an intraclass correlation coefficient (ICC) (0.000-0.200, poor; 0.201-0.400, fair; 0.301-0.600, moderate; 0.601-0.800, good; 0.801-1.000, excellent). ROC analysis was performed using MedCalc Statistical Software v. 15.2.2 (MedCalc Software bvba, Ostend, Belgium; http://www.medcalc.org; 2015), and other statistical analyses were performed using SPSS 18.0 software (Chicago, IL). Bonferroni correction was adopted for multiple comparisons, and P < 0.008 was considered statistically significant.
Results
Differences in the DKI Parameters Between the Active and Inactive Groups
The D and ADC values of the active group were significantly higher than those of inactive group (active group: /s, respectively, all P < 0.001). The K value of the active group was significantly lower than that of the inactive group (1.21 6 0.24 vs. 2.29 6 0.52, P < 0.001). ROC analysis showed that the D, K, and ADC values could distinguish between the active and inactive group (Table  T3  3 The D and ADC values were correlated positively, while the K value was correlated negatively, with the disease activity of AS (r 5 0.918, 0.798, and -0.765, all P < 0.001) (Fig.  F1  1) . ROC analysis showed that the D value is the most powerful parameter to differentiate different activity grades (all P < 0.001), followed by the ADC value (P < 0.001, 0.003, < 0.001, respectively), and the K value could differentiate between the inactive and mild and differentiate the high and very high active groups (P < 0.001, 0.006, respectively) ( Table 3 ). In particular, with a cutoff value of between the high and very high activity groups with a sensitivity of 0.909, a specificity of 0.937, and an AUC of 0.925 (P < 0.001).
Intra-and Interobserver Agreements
The D, ADC, and K values showed excellent intra-and interobserver agreements (ICC, 0.888-0.933, all P < 0.001) (Table  T4 4).
Discussion
Our study demonstrated that the DKI model performed well in assessing AS, and the DKI parameters of the sacroiliac joints were correlated significantly with the active grade of AS.
In the current study, it was observed that the D and ADC values of the sacroiliac joints in active AS patients were significantly higher than those in inactive patients, and the D and ADC values were correlated positively with the active grade of AS. In the current study, it was found that in active AS, bone marrow edema and increased vascular permeability caused an enlarged extracellular space and increased water molecular diffusion. 3, 12 Zhao et al reported that the ADC and D values derived from DWI and IVIM were increased in active AS, findings that were consistent with our findings. 15, 26 Previous studies have also showed , and 1.37 3 10
23 mm 2 could differentiate between the inactive and mild activity groups, between the mild and high activity groups, and between the high and very high activity groups, respectively, with the highest accuracy. The D values were closely related to ASDAS and showed high sensitivity in distinguishing different activity grades, indicating that the DKI-derived D value was superior to the DWI-derived ADC value in reflecting the microstructure of the tissues. Therefore, the D value shows great potential to evaluate the disease activity of AS.
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In the current study, it was observed that the D values were significantly higher than the ADC values in either the active or inactive group, consistent with previous studies in other diseases such as head and neck cancers, prostate cancer, and autoimmune inflammatory diseases (Crohn's disease). 20, 22, 30 Lu et al attributed this discrepancy to the nature of the diffusional kurtosis model, which is essentially a second-order polynomial fitting model. This model will always provide better fitting results than a linear model. 31 In the current study, it was found that the K value of the active group was significantly lower than that of the inactive group and the K value was negatively correlated with the activity grade, which might be due to decreased microstructural complexity in high active AS. We speculated that with the increase in activity, bone marrow edema, microstructural damage of the trabecular bone, and loss of bone mass would be aggravated; therefore, the heterogeneity of the sacroiliac joint structure would decrease, resulting in a decreased K value. 27 This study had some limitations. First, the sample size was relatively small and imbalanced between different groups. Second, although the ASDAS score is widely accepted in assessing the disease activity of AS, it was affected by subjective factors of the patients that might cause some bias. Third, the histopathological foundations of the DKI parameters were not explored due to their invasiveness.
In conclusion, this study demonstrated that DKI parameters have a high sensitivity and specificity in distinguishing between the inactive and active groups. With a close correlation with ASDAS, the D value could differentiate among different activity grades of AS; thus, it is superior to traditional ADC values. In addition, the DKI sequence can not only characterize the sacroiliac joints, but also provide a more convenient and efficient way to assess the disease activity compared with ASDAS.
